The seasonal variation in the incidence of poliomyelitis in temperate climates is one of the most obvious characteristics of the disease. A number of explanations of this have been put forward, for example by Aycock (1930) , Petersen (1941) , and Armstrong (1950) . These explanations are mainly based on association in the average monthly trends and this approach is suspect statistically since it would almost always be possible to find some factor, meteorological or otherwise, with a similar seasonal distribution to poliomyelitis but with no necessary causal relation to the disease. Armstrong (1950) , for example, shews that the seasonal variation in absolute humidity is closely parallel to that of poliomyelitis in eastern North America and goes on to produce an ingenious physiological explanation of why this should be so. Petersen (1941) , by a similar type of argument, suggests solar radiation as the effective agent. Bradley and Richmond (1953) , on the other hand, from a study of the English experience from 1947-50, have concluded that there is no obvious relationship between the incidence of the disease and the dry bulb temperature and absolute humidity. Lawrence (1956) showed that there was a strong positive correlation between the total yearly notifications and the yearly mean dry bulb temperatures in the period 1947-52, and also between temperature and maximum weekly notifications. However, he also quotes some unpublished studies by the Meteorological Office which demonstrated little correlation between poliomyelitis incidence and temperature or relative humidity.
The present paper sets out to apply a statistical method which avoids some of the obvious pitfalls that beset the comparison of seasonal trends. It also allows an estimate to be made of how far the effect of associated meteorol6gical variables is able to account for the actual range of variation of the incidence of the disease.
MATERIALS AND METHODS
The basic information used in the present study was derived from the Registrar General's uncorrected weekly notifications of poliomyelitis, and from the Meteorological Office records. The calendar month was taken as the unit of time as this was convenient in abstracting records and sufficiently long to smooth out some of the minor irregularities of weekly reporting. It is somewhat inconvenient in being irregular in length, but if this is ignored the effect on the results is negligible.
Before analysis the monthly poliomyelitis figures were converted to logarithms to the base 10. This step was taken to even out the variability from one part of the year to another. There are great variations in the monthly incidence of poliomyelitis and changes in the absolute number of cases in midsummer are often large compared with those in the winter though the relative changes are of the same order.
The investigation was begun using the meteorological data collected by Bradley and Richmond (1953) Bradley and Richmond (1953) confined their investigation to the effects of dry bulb temperature and absolute vapour pressure but the present study includes also the relative humidity obtained roughly from a graph of the relation between saturation vapour pressure and temperature plotted from figures given by Penman (1955) .
The statistical methods used were largely suggested by the examples and discussion given in Chapter II of Quenouille (1952 Table I, were extracted from the records. The variances and co-variances between the residuals of these variables after removal of yearly and monthly trends are given in Table II , which is, in effect, the "error" line of a table of the analysis of co-variance with 99 degrees of freedom.
RESULTS
The results of the regression analysis of the residuals are summarized in Table III . This gives the coefficients of the multiple linear regression of poliomyelitis residuals on the temperature and the relative humidity residuals of the same month and the two preceding months, together with their standard errors. The absohite vapour pressure has been omitted from this regression as a preliminary analysis showed that it was of comparatively small importance. For example, the second order partial correlation between poliomyelitis incidence and the absolute vapour pressure, after eliminating the current month's relative humidity and the previous month's temperature, was 0 1915, which is not statistically significant 9-9 10-5 9-2 11-2 10-9 10-2 9-1 9-9 102-2 P relative humidity are statistically significant. However, the other three coefficients all exceed their standard errors and can be shown to contribute significantly in aggregate to the sum of squares for regression, so that some, at least, of the six variables appear to influence the current month's poliomyelitis. The effect of temperature and relative humidity more than two months before is negligible-incorporation of the third month only removes 0 01 from the sum of squares for poliomyelitis incidence, compared with a residual error of 0 03.
The regression coefficients of poliomyelitis incidence on temperature and relative humidity given above were derived from the simultaneous variation in the residuals of these quantities after the main effects of years and seasons had been allowed for. It is interesting to see how far this regression can account for the seasonal variation. If the seasonal swing is due mainly to factors unconnected with temperature and relative humidity, then there is no reason to expect that the average seasonal incidence of poliomyelitis could be predicted from concomitant variation of poliomyelitis incidence and these two variables.
While it is possible that there might be a general similarity in the relative monthly incidence, it is nevertheless unlikely that the full range of seasonal variation would be predicted, or that there should be a close coincidence of the maxima of the two curves. To take a hypothetical example, a disease whose spread was favoured to some extent by cold weather, but which was largely disseminated in ice-cream, would show a high summer incidence quite unpredictable from its observed relation to meteorological factors over short periods of time throughout the year.
Expected values of the log poliomyelitis incidence in any given month can be derived using the regression coefficients given in Table III where p is the mean poliomyelitis incidence, t the mean temperature, and r the mean relative humidity over the whole period of observation, to, t .. ., rt, r1 . . . etc. are the observed temperatures and relative humidities in the relevant months, and b1, b, . . . etc.
have the values given in Table III. The results of such a calculation are given in the Figure, that calculated from the monthly mean regression on temperatures and relative humidities, using the residual regression coefficients. It can be seen that there is a fair measure of agreement between the observed and calculated incidence. The range of the predicted curve is very close to the observed value and the position of the summer maximum coincides fairly well. On the other hand, the predicted minimum occurs considerably before the actual one, and the curve as a whole tends to be too high in the early part of the epidemic and too low in the latter part. The general nature of the discrepancy is not unexpected, since the disease tends to be under-notified in the early stages of the epidemic and over-notified later on when many cases are being reported. In addition, the epidemic must take on a momentum of its own, independent of meteorological factors, once it is well launched, and this will cause an excess of cases in the later stages and a corresponding deficit of cases at the beginning of the next seasonal rise due to exhaustion of the susceptible population.
The analysis presented so far applies to the whole period from 1947-1956. It is usual in studies with time series to repeat the analysis, as far as possible, separately for subsections of the series. This provides a check on the consistency of the analysis and is particularly important in a case like the present. The incidence of the disease in England and Wales is now much higher than before 1939, and may well have taken some time to reach equilibrium after the sudden change in incidence that occurred in 1947. Examination of the series does in fact show that the relation between poliomyelitis and meteorological variables is not constant from year to year. This is illustrated in Table V , where it can be seen that the relationship with temperature was very weak in the years 1949-1951, and also in 1953. One of the effects of this irregularity is that the results for paralytic poliomyelitis, for which figures are available only from 1950 onwards, show no significant correlation with temperature or humidity. This occurs largely because DISCUSSION The results reported above establish a prima facie case for a relationship between the incidence of poliomyelitis, temperature and relative humidity but provide no evidence that absolute vapour pressure is of much importance, in contradiction to the hypothesis of Armstrong (1950) regarding the nature of the relationship between incidence, of the disease and climatic factors. On the other hand, the analysis does not exclude the possibility that other meteorological variables closely related to temperature and relative humidity are involved.
Generally speaking, the meteorological conditions favouring spread of the disease are those of rapid outdoor drying, though there does not seem to be any simple explanation of the fact that incidence of the disease is associated with meteorological conditions up to 2 months previously. As the regression coefficients calculated from the comparatively small scale monthly deviations are capable of explaining the yearly range of variation, it seems likely that the seasonal association with temperature is not related only to the greater physical activity and freer mixing of the population that occurs in the summer months. A possible hypothesis is that atmospheric conditions of rapid drying favour survival of the virus in faeces, and one suggestion that arises from the present study is that this should be put to experimental test.
The statistical validity of the analysis is by no means beyond question. The main point ir its favour is that the regression coefficients calculated from the residuals are capable of explaining the range of seasonal variation in the incidence of the disease and the position of the maximum. The deviations from prediction are such as might be expected to occur on other grounds, though there is no method of assessing how large the expected deviations should be.
The main statistical weaknesses are the variations in the strength of the relationship between poliomyelitis incidence and meteorological factors from year to year, which arise through ignoring interactions in the analysis of co-variance, and through the presence of considerable serial correlations in the residuals. The latter can to some extent be allowed for by statistical methods, their effect being to reduce the apparent number of observations by a factor depending in the strength of the correlations. Using the method given by Quenouille (1952), it was found that the effective number of degrees of freedom were reduced by about 50 per cent., which is not sufficient to destroy the formal significance of the correlation between poliomyelitis incidence, temperature, and relative humidity.
The general pattern of the variation from year to year in the correlations between meteorological factors and poliomyelitis is illustrated in Table V, which shows the correlation coefficients between the residuals of poliomyelitis and previous month's temperature, calculated separately for each year. It is obvious that the relationship is not stable, and a z-test reveals that there are significant variations in the coefficients. The correlations are all positive, except in 1951, and mostly of reasonable size; this supports the existence of a positive relationship, but it seems probable that the strength and nature of this association are not the same from year to year. However, the ability of the regression equation to account for the mean seasonal variation of the disease over a 10-year period suggests that there may be a stable underlying relationship. For further corroboration it would be interesting to extend this work in future years and also to make similar investigations on other countries with a greater range of yearly variation in the meteorological factors under consideration.
SUMMARY
An analysis has been made of the relationship between the incidence of poliomyelitis in England and Wales from 1947 to 1956 and various meteorological factors.
It was found that there were strong positive correlations with dry bulb temperature and negative correlations with relative humidity, but that absolute vapour pressure was not related to the incidence of poliomyelitis. The calculated relationship with temperature and relative humidity was able to account for the main seasonal range and also for the time of the maximum incidence.
The results and methods of analysis are critically discussed. 
